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^Id. :^r^ PN^^iJg (t) ^ffiv^rj[^-7>^7c^-^ 
s (t) 5:;:^^:^^ b/i-^mbT. mi ^fetS:-*7cy='- 
•^x (t) 5:*J*-r^. - ^o^i cote^-^^-T^ 

-^x (t) tC^1Lr-^JF^gi«:::i*^'Y^-^m5:n9o t 

x^ (t) ^^;*b. S^ic. ^mP^t [^-<:oPN^^iJ 
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1 

%y'-^-^^m.^^:LUk. (b) ttJlEB 1 cotem-* 

^y'-'^\cm\^xm.^^^^'n'?:r.mt. (c) tfjtsii: 
^ ^ * X- ^# ^ ii. ^ ^ m m ^t;) ^ :^ ^t;^ ^ <^ ffi ^ ^ 

(d) ftJt31i^i^^<:0jS]^S^j^fe:»^igii:^^^^^-r^r t 

(e) StjiE4#^<?:)iEA^?iJ^fflv>xttitsm2c^i!i:m-^ 
b'if ^ S i^) i?^ ^ b— ^fe — ^ ^ 

SfllBX^ (a) ioJ:O^X^ (e) 4#^^J^S^^^ 
^ i^;: C T mrfE4# ^ IE A ^ ^iJ ^ ^ ^ -r ^ X S ^ ;rt. 

tS^^ ff^iim ^ 1^ -O-^ ^ ib^ V ^ r «^ CO u - E 

StI IE 5eS ;^ ^ b it « i: >Et J^:: ^ t p. ^ ^ ftl f S 4# ^ Ji} ^ 
fiv tata'M/2tcl^r^t-^iS]S^fiJc^xfe^. 

HfitBx^ (c) ft. (i) Bff^^s#:kd xmt^m-^^o 

^)S:r^Xg^. (i i) SulB^ 1 coS:^{t.M(=D*T^lz: 
^ r ^ t:: J: o T ^ 2 CO :i:-^-{t:;M ^ ^j^r 6 x^i 

(i i i) BtrlE® 2tO:i:^{bffllCffjfSBFf^tOS»k 
4# ^ '-^--^^r^ il ?r '-t i- ^ IE ft CO fl ^ ^MiiJS^ tc ^ ^ 
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2 

r-h.tci:oT. m 1 co$^:ife-?j^^^— ^ ^^j^fer^ 

ftjiEm 1 cott«-?i:7t;^-^ tc^i bTii:^^^^tT 9 Li: 
^^^^ h . 

ft] f s ii: 5^ ^ ^ # ;^ ^ ^ ii^ ^ CO :^ CO ?S ^ 

i^? m2coi[^:«-^!kx;y='-^^^;S;t-^;f^^^*^[5i:. 
Su ts4#^co xft ^?|J ^ ffl V ^ r fttjfsm 2 cotem - ^ Tt; 

^ S iZ. ^ ^ 7t jg ;^ ^ b— TC ^ ^ ^ *i5j<: -r ^ 

tti IS 4^ ^ CO IE ^ ^ ^ t J S: ^ ^ r § IE -ft ^ I J ^ ^ ^ ^ . 
^ ^ 5t ;6 - L CO S ^6 iZ^ ^ ^ g o 
i'^? [fS>ttil8] fS^^6 ^f::li7faaco^^3g;^)-bcoS 

ftltfiiilS^^^^ft. mismi co^m-^k7r;^--^^^4^co 
2Mf@ (Mft 2J£i±cogi^) (D^^ — ^Xm^^^^^-y 

fB-^^ff^iim^1^-r >'^S^^cib^v^T«^co:7l/-J.^r.E:^ 

[If 51^11 9 1 If*:!* 8|5acomT-ag;^^L.(Z?a^^^^ 

Ji:. t5t^M/2tc1^g^i-6JW)^^;5fe^>'C^^e. m^jS;5^ 
bcOSi^iZ^^^go 

[If ^xi 1 0 ] fi^iM 6 T^cCV^ b 9 cov^r^^;^McIfi®co 

m^jS?i»^ bt^Si^^ix^^g-r^^o r . 

BFf^coS^kd T-mjiE^^:^ CO Ji^^;5jt5>?:fi^^t:-r^:: 
i:tc:J;o-cmi cofi^^t:fa^^;*-r ^fi^^t:^ t . 
^i? mjism c:Ofi^{t:McO:feT^it> h ^ ftJlE^g;^^ US^co 

ttjtEm2co^^{t:fflHttJlEBff^coM^kd ^mc^r^ 
tc J: o r miEPSi^^ CO/1 ^feiiJt-r 

'9 '^mm^m.m^x^-j-:>x . 

4# >^ CO ^fe M M ?r * -r ^ X ft CO M M 1 1 J t c ^ o 4# ^ CO 



3 

mum 1 <^tem-?^7t;^-^ i^x\K^^^^n 5 s: 

b. ri^^cJ:or. ^ i ^^ffi«-^7t;y='-^ ^ij* b. 

M^. itItS5S;^i-b'tS^i:>?f^t;f^-tt^ J: ^'l-PSb. 

^2to^m-*7i;^--:^^^;^feb. 
itifB4#^oiEA?^^iJ^^v^Tttjtam 2 ^^7t^-- 
:^^:^-<:^ b/i-i^tt:t6:f i:tcJ:or. StjtaS;6-bit 
iS/i)^^^^^^7tm^]tgji»^b-*^7^-^Sr±;*'r^. 
:Lt\C2:-:>X±f^^nrzmt^M^mf)-\^-1^7ty^—^^ 

b/vfefc^n^Tb. z^Kx-^x. mi'^i^nm'T' 

}g;^)^b-?>cx;^-^^^i5}tr^xmt . (b) fUtS^l 
X . 
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MfB^i ^^tfcm^jg^^b-rj^TET^-^^^ic^i bxii:^^ 
10 [is*iii 5] ^^t^\^'mm.tm^^^-^Mz.n^mt^v. 

-^tS ^ ;^)^ f:>mfa5lS;^)^ bit^ ^^ft ttii- ^ f:: i6 V 

lE^^^iJ^. tfliam^S^-b-^Ti;^-:^' 

^^^tb. ^;h.lCJ:oT. ^1 t^lfeiS:®^jg:0-b-^^ 

m^m 1 ^^iirts^m^jS;^)^ b-^TT^-^ \cm x^xm,-^:^^ 

fSjg^-b't«?r*tti'r^^^-K#fli:^ ^:n>'t"'^- 

r:^ >- - ^ If 19 pj f E ^^fr , 

[ffjjt^Il 6] 3t/^-UfW^^Si6az.^;h.fc^^jl^-b 

— ^jk^^--^^ia^bf^^>'t''::x— (9 -^f^^^^fa 

^H^Tb. r^tcJ:oX. mi (^tet5:m^3g;^>b— 
■^-c^^Sr^^b. 

SfjIE^ 1 otemm^^S;^^ b-ricTT^":^ ic^l br iS^^^ 
ttjta lI:^^ ^ ^ ^ ^ ^ ^ jsi CO 

fEig;^i-bit^?rttmr r ^tCiorftIfa^;i)-b'fS^ 

;^^^6tti-^tg=^.ettjfaii;-7-]ig;^j^ b-?k^^-c5^ ?rfa^ x^t^^ 
[0001] 

T^c - :^ 7"^ - ^ ^- b'ff $R 1' tb r ^ r^^r 

[ C) C) C) 2 ] 

5^? PCM (PCM : Pulse Code Modulation) ;6^M<ffl^^ 



5 

:7 b fi, i^^-iT^y >'^^U— b 4 4 . IkHz. sr^-ftftii 
[ 0 0 0 3 ] fl^^t^^ 

[0 0 0 4] 

^-bSWr-ft. }S;6-b'tt«^7)Si6i2^^tc^@t-^*6^^^ 

X b^v\ i^fn®/ct7=^-:^lctiMbrv^/jrv^^v^5Pp1jli 
;i»^^-^fco ^fc. jS^^b'[S^t7:)^^g1*;^Mg:< . |gH^;ij^ 
5g;b-b'»^^j±fe^&^^:Srtcfflm-C^tr b^ 9 iV^5Ppm 

[ 0 0 0 5 ] :zcommn. ^i^m^m\c^n^Ai^(omm 

[ 0 0 0 6 ] 

-^T. N^Jts:lS^^-'b'^t^.;6^tM^'^7A^,t^7c'S;^1Si^-^ b— 
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[ 0 0 0 7 ] ±,m^m^^^^^^. mf)-\^mn^mi^^^ts 

ftjtc. tc^br4#^c^iEA^^ij^^v^7t 

[0 0 0 8 ] Stii5#:^(7:)iEA^?ijfi. 

[ 0 0 0 9 ] yTth}^. ^'m<oiE^^.^\\<DT^x 

[0010] /=cib\ mm\M.^mmt. mm% i ^t^ts:- 
-r :ymmcm^xm.^<^y ^—Mc^^s^^ja.^ ^ 5 i-b 

[0011] ^OJ: p ^.c^?F^ilt^=^1^-< i^m^^m^^^ 

yu—Am^^yb^<nx.^ct7b^^x^^(Dx\ m 

[001 2] ^f^. ttjfSig^^Ut^t^j^:#tt t;rL^ttj 
^T'fe^r t bv\ 

[0 0 13] r5t-^ft\ m^<^^^^^ib\c'mi^'r^ 
[0014] ?:tib\ mmcDm&mm'7^'^<oiS:^-i^'\^n<^ 

S^^b-r^r ^tci:orHi c7:)fi^ft^M=^^i;^feb. ftjIB 
Hi f^fi:-7-{[^Mc^*Ttei:f> b^m)t35@^-b'fSW^^t-> 
bM^^d-i;i^#tt§ J: 5 t^PM-r^r t t^J;oTH2ofi 
^-fbM^^/^b. mjtSH2^ofi:^^t:MlcStjtEBff:^^^S^ 

kd ^^\:^^:z.t{c^'^xmumwi^^'^m^mm'7^^ 

[0015] ^mkd <:Oil^y^# < r^tf. m^^;6^b 

~?^7^^^--^i-^^S^^ot^> b^t? ^^±br lEb 

V ^ ^ - b ' f f ^ ^ * tti X ^ t g f4 ;i ^ ^ ^ i: V ^ 9 ^ I J ;e> ^ 

[0016] 7>f,mm\c^^^x. mf)^^^'\^^f^'^w.^ 

5^? tcj:or bA'^/fct^c^Htf b. J: -^T. Hi 



(5) 



[0 0 17] ±3zeb?^^ti^6iA^Miit^J;o 
[0018] ^j:^^ :^^m<omMt LTft. i^T^o^ o 

(d) 3g;^^Ut^;5'^S^iZ^^;h.f-^^3g;^^b— 

(e) mt^\^\tm.^'m.^^^t^^—}!Kjt^—^t^^^m^ 
^mWo 20 

(g) 3S;6-b'tt*?:m^^;6-b— ^^Tt-^— ^^^^^^^^tti't' 
[001 9 ] 

cO#XfM ^ ^1^^ ^O^t^ ^ ^ ii: 6 ^ V t° ^ — ^ 
[0 0 2 0 ] 

[^PJ^7:'^lt(7:5fl0i^] A. mm,<D'^wmf^ : i£J.T. 
8^t7:>^lt^7^m^^^it^|Jl::^ov^Tm§^'r^o Hi 

:^mm<^~mMmt \^x(Dm.^T&i^^\^m.mmm.<omf^^ 

4 yu—j^?^^^) 2e 4^— K3 0 -^^-^ 

^^i.3 8i:. 4 0 t . ^ 

[0 0 2 1 ] -r >'}< ^ y 2 4 (cfi. uti<i^7A 
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s 

^;^^^cO^^M2, 4 4 t^^t^tciov^r Jim^-r 

[ 0 0 2 2 ] mt^#^4 2, A ^<T:>mm'^'mm.'r^ 
\cum^rhf^mmxm\^^rb^. 't<D 

y^kcx.'^xmn^^^. -^fz., mmmw\^um^^f^ 

[0 0 2 3 ] r <7:>8^*B$tCioV^T. ri^-e^— 
.^ffet?. 3 >'>^;==^-r^c7)^Jac7:)T"C*fFt' 

^®{*t-fa®^tif'=t >'t°^ — ^y J>.^m^^^ 

X^^<. :t^u — iyB>'iy:^y'J^KX-=>xm'^^i^X\,^ 
XhB:\^\ 

[0 0 2 4 ] /cC^b\ r co^PJtC:fc^tt^ rtB^^^j 

tli. :7 ;^i^^'^c D- ROM. t^^^^-t^^ 

IC;^— ROM;d— b y i?. — 

m-^^^m^M^mmxt 

[0 0 2 5 ] B. : 112?^. 

6 2t. y u—j^n±^\^e 4 m2<7jm^-^e 

[ 0 0 2 6 ] ^'^io, -m 1 P N5^-^IJ^^t[^ 5 2 t m 1 ^ 
.^^tf 5 4 il , h A-^fem ^ tf V ^^^-^P Y A'l^MM 
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Sit. \K^m^^n^\M.^m^^^C^^mL^. IMDCT 
[ 0 0 2 7 ] PN^^IJ^^^ 5 2, 6 8fi. + 1 - 1 

(t) ^m^-r^o PN^^ijg (t) (Dy>''^^j^fj:y<-^ 

^ij^^^ks (ks ^^ffi^::^^r^cr^^^t^^. 
■f^c^^:^^s PN^^ij^^iiks com^^m—x^^rbn. 2 

OC0PN?^^IJ^^^5 2, 6 Sn^ — (D^'^'^ —l^^m-r 
^PN^^IJg (t) ^^±T^a PN^^IJ^ifl^S 2, 

n^m^±<^m (seed) t\^xmm\::^7^t}^ri^o ^ 

iy hM rij ^-e^:^^PN^^iJg (t) hL^xmti 

g (t) ^brffi;^^-r^o -\-it-io:>m 
^^^-^^Atc^^ 2M(^PN^^ijg (t) 

(0 0 2 8 1 PN^^lJ^^^ks ^fflV>^^i^Jl*Oii 
^<7:)T% PN^^iJ(^^^*:^^^t^«^ LXio< 

mx.}tcm^<^mmmmx^^m:mm^±mm) ^ 
mmi^. tn\c^mm}^s ^m'^\.x^im^^^^^^ 
:it\c^^x. mi^^j:^<^pi<^.m±w^i^n'r^^t 

— (75PN^^ij^^^"C^6i: 5tcbrv^^e 

[0 0 2 9 ] nisji. ':^f}^\^mWi(om^^7^^^m<^^m 

^7j^Ty^-~^^^hX:^^o y^S 1 xn. %1 

(omn^5 4tK m^pit-^s (t) \cpN?^ms 
(t) ^M^r^r o^m^^ff-§-x 
(t) ^^/S-f-^o ^(D^i^ix^^^ 

[0 0 3 0 ] 
[^1 ] 

m=sit)g{t) (1) 

[ 0 0 3 1 ] ^xti -rvi^^^^^^ii. b 
/l^^m(0\Km^n:^^tmti^x\^-^^miccmm'r^o 

4 (a) JiJtg^^ff^s (t) ^TKb. m4 (b) ?iP 

Nvn.^iJg (t) II14 (c) Ji'^i^o^m^^ 

ft-^x (t) ^Tj^bxv^So i^^^m-^s (t) m 

x.f^r-:hp ;^'"^^F^a^l^*t^>''^y V';^-^!' — h4 4. 1 k 
H z . ^^-itm 1 6 li:-^ h Xy"^ i> yi-fb '<# 
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N^^ijg (t) (^4 (b) ) fi. m^^m^s (t) 

^i^oT. s (t) , g (t) 

-r^:Lt{c^^x%^rL^mi<7:>^n^^m^-:^ (d 

(U4 (c) ) jfi^^ft^s (t) t^Uv^Ml^^: 

it) t^hKn^l^X^'-^m^X^^o ^i:^. mA (d) 
\C7V^'r^0\^. 1^— COPN^^IJg (t) ^^l(^^(^»^ 

^{f-^x (t) {cnm^mn-r^t. m^^^m^s (d 

(t) 1 t - l'^^^2\mt^-^^o:>X\ f^ — COPN 

^^ijg (t) ?:2*bfcMg2 (t) fiitc^L<;^^6 
^-^i^T'^^o rc?:)J:5lc, PN^^iJg (t) ^^ffi^T 

[ 0 0 3 2 ] t^^x. V/^^mt. ^iciift^ 

TTii:. igft^s (t) t brf±7^>^^/w^P^ti>:fe^p 
■ ft-§-^^fflv^^^^o ^fc. PN^^ijg (t) ^brii. 
WM^s (t) t7:)j^^^co#:4-fSJ[^±c7:)i^JS]^^o^^ij 

jii^ft^s (t) \c\t^x^^^m^}L\c^n^rb^. m 

ft:giftffi»ft*X (t) ^^ftb. SfttiJilll4 (d) 

iC.T^t-cJ: 5 tC. §{t bfcirirmft-i-x (t) tCf^-COPN 

m-^g (t) ^^^r^r ticj;oTj[^m-^ s (d ^ 
b/v^:^f?it, m^mcx.-:>xm-\'mc^w.^^^<^x. 

[ 0 0 3 3 ] ;$:^m^|jTMi. PN^^lJg (t) ;^>^J[^^^ 

ft-^s it) (D^^y^f^j ^^^m&^h^x.^'^mi&mxw. 

i\::T^<ox. m^^<^1^Mx\t:^-<^ fyi-5>^?lifet5c^t^ 

^v^5^i§^. ii^J: ii^tSv^lc^-r^v^T^^t? . pn 
(t) ;6^1g^:^ft#s (t) (D^iy'^^J>'^^mm 

mtmv.^^m^mxmt'r^m^^ch. r;^-<^ h/i^^ 

PN^^ijg (t) (DmuWi-^w^^m^ s it) (D 
^i^-^^j i^^^mu^o:>^m^\cm'^'r^:Lti)-^mx^ 

[0034]H4(a)'--(d) tC^f h /V-if^T^ 

iBJ:U^iSte«tl. PN^^^iJg (t) ^^i:br^v^T. 

[ 0 0 3 5] H 3 ^^^T'. 7^ y-:fS 2X\'t. :7 V— O^tttbffi 
50 ^<^yu — J^\Z-0\^Xm,'f^mt'W^.^^)--<>'^'^. (MDC 
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i3^#:Xi (k) ll7>;co#:5C2-r-^^ 

[ 0 0 3 6 ] 

2 2M-1 



0<it<A^-l, 0<?J<2A/-1 



(2) 



[ 0 0 3 7 1 rr-r-. k}tm&^^^'rm^mx^^^ 

^tz.. m^2C0:^m(Dm,m^^ (n) tMUCrmi^c 
(k, n) ft. -^i^■^^^xC3 i:^5^4-C-^^P.tL§o 
[0 0 3 8 ] 
[^3] 

y^^rt) = ^n(^^^^\ 0^n^2M-l <3) 
4m J 



[0 0 3 9] 
1^4] 

0^>t<A/-l, 0</i^2A/-l 



(4) 



[0 0 4 0 ] ^^2t^^m^^ 5 tC, W — ACO 2M 

jEt7:)ft-§-fLix (n+iM) It. M{M(5:)^fei¥s^Xi 
(k) (k=0- (M-1) ) K^^^tl^c =^c&ib\ 

k = o^^^^^^mxi (0) ftiti^/S;^. •en-)^:^^7)^^ 
m«*xi (k) {-k^o) \t^mf^':^km^^x\^ 

[0 0 4 1 ] HI 5 It. ^^Ji0ilm^1^-^' v'^^mt::^^^^^^ 

%'yu-j>.\cmm^rh^mm^^ (n) o^f^^^i:;?)^:^^ 

X (t) t^^@^r^^r^rojii^r-h.f^^i:si-^^^tL 
p^-r^ 2oco^ I/— ^t<iit. ^ii-r^Mffl^o 

ft-^fflx (t) t'^^^tlX^^^o ^^oT. ^tc 
[0 0 4 2] mm^v^ (n) It. — Ato4^^X"t' 

-i^'^^-r^iE^si.mx^ec ^.^ib\ ^^mw (n) t 

[0 0 4 3 ] ^mmm^'^'0'^^<oi'^^Ki{c. 
{^com^<^\M.^^m mm^'^'O'^^ (dct) . m 

i'^rtf)'^x~ic iAco\g,^^:^x^n. yi- — M. ( 
-ij. ^mmw^-^y-(->'^:mx\t. mm-r^y 
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ncom^^^^^^mm-r ^^Mco^it^i^mT ^ t ^-x 

[0 0 4 4 ] H 3 IT'S 3 S 6 Xit. 

'»^;5^S^6iZ^^;^^^o ag;^)-b'[f^lt1t^(7::'t'> hxmm 
^nxi6^. l^iTXn. ^(^^t^V r5@/6- 

bt'V h b i J tP^^o ]g;6-bt^> b bi (Om:^^^^<^ 
l^tClt. Ml^Sm^kf /i-#kd tfj^^^m^rb 

jSJS^^kf It. 1 y U-'M^j^(DMm<OMnCT^. 
mxi (k) (k=0~ (M-1) ) (D^X\ 5^;^^bt^' 
b bi 3b^Si6^iZ^^;h.^4#^^i?]^*;5Jc:^Xi (kf ) 

(Dmrnmiir^-rmmx^^, jii^^^kf t unt. o 

7t. y^^ — zl-rnkd It. MD"CT4?S#:Xi (kf ) 
^iC^^^n^c Ji]2Si&:^kf tX'^-yP^kd 

bvMfit-ov^rit^j^-r^o 

[0045] ::^5"i/:7's sxit. ^^c^7:)^5^5-e73^^-rt^ 
j^^^^kf X4#^^^^Ml^^;5j$:9^Xi (k 
f) /v#kd -ri^^u. /J^^,#>J^T^^ 

tic J: or. S^ffiei ( ri:^{t;Mj i:P^^) ^ 

[0 0 4 6 ] 
[*5] 



(5) 



[0 0 4 7 ] i/:7"S 4 nt. fl:^{Mei 

[0 0 4 8 ] [^f^l] ei ;e)^^^-C;^>^obi = 0, 
[^f^2] ei ;6H^^X^-obi 

[0 0 4 9 ] 1 , 2 (D\^'rM^—iot^^^^^'r^m^ 

tClt. ^cO^xCe X^^tL^ J; 5 IC. MDCTi^^Xi 

(kf) /vfikd X[^^b. /J^#:.'^.J[^T?r^*9 

ifrfTtffi^fi^-fbMe i i: bTS^-r^ (;^f^:y:7°S 
5) o 

[0 0 5 0 ] 
[^6] 

e,^\x,{k^)lk,'\ (6) 

[ 0 0 5 1 ] Jbl£^f4i, 2 ;^)^v^r^^^^^i: 

v^tl'&tcft. X7^i/:7°s 3-r-#P>^T./ts:^mMei 

P:>lt'S^ft:fii e i (STfi: t:-^i^ h;^)^:) ) (cis^t^ 

U t^^::-' h b i 1 6lt'S^ ft:il e i ^^^-^ 
(*Ta t^^^^ b^^ 1 ) t-^-^^^^^o ^^^^^ 
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:/S S — S 5C0mmX'n. MDC T^^#:Xi {kf ) CO 

M^itm e i t'^mt- u h b i (c^i^;#tt hri^^ 5 

e i co^lCS;^^L.f> h b i ;i^S^^)iA^^^6 o 
[0 0 5 2 ] ?teib\ MDCT^^Xi ( k f ) 
^kd -C'l^^bTtffiXi (kf) /kd ;6^W^'»ff5^^^ 

o -C Sc^-ft^M ei ;5^;=^f':y:7°S3 i: ^ *P V \ 
[0 0 5 3 ] deii. ::^^-/y^s 3 — s 5co^m^^^ 
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/l-^kd <^t&St-^::'7t ^MDC Tll^^Xi ( k f ) 
tc^-r^fi^^tiM e i j§;^)-btr> h bi ;5^o-r^^ 

[0 0 5 4 ] ^3 0X5" J/^T^S 6 T-li. 7 l^l;^ 

x'i (kf) ^^m-r^. 

[0 0 5 5 ] 
[^7] 

(7) 



[0 0 5 6 ] ?teib\ _bis:^5^iy:7^s 3 c7:)^^ft. ^^g|^ 
^t7:>4#^^oJ^2S#:;*5>xi (kf) ^x<>--/v^kd X'lc 

Xf"i/:7"S4, S5(Dmtm\i. Jc^ibffiel <:0ftT^4t'' 

^/ h$rS;0-bt^> b b i ^^i^;#tte<t 5 t-PS-r^ t^' 

y Ymm.%h\^x<Dmm\c^iz^\^x\^^^ ^^tc. ^^t^ 

fSei tCX^Jr— yV^kd b ^ ^ ^ J: o Ti^ Jc^ft; 

[0057] 7C5^j/:/S 7-Cft. 3S;^)^btf> h bi i^i^S 

i6iz.^tbf:ijs)K^;^it^xM (kf ) •%:^ts\yi^—J>^':^ 

<?5MDCTi3^mx' i (kf) (k = 0--(M-l))lC 
^IbT. IMDCTtf56 2 (112) ;^3^^^?f^g|«:r2 4^^>^ 

;h.y^lj^?KmJ*»X^ i (kf ) J[^:^1^C0MDCT>^^X' i 

(k) (k 9^ kf ) ofift. 5/:rs 2-r#f5-h.fciM 

DCT«#:xi (k) ^f^bT'fo^o ^ff0stm=if--r >^ 

[0 0 5 8 ] 
[^8] 

M-1 

.,{n)^w{ri)^cik,n)X^,ik) (8) 
0<^<A/-1, 0</i<2A/-l 

[0 0 5 9 ] f^^. i^^m^::^V^ t^^^.^mw (n) 

tSiSc (k. n) li. JiK^^^ bt^t?:)r'fe^. 
[ 0 0 6 0 ] ;:<f^iy:rs 7-T:'?i. ^^tc, yiy — j^n^ 

%e 4t-^!K<^m^9^c^ij^-^x. m?hmt^t\^xcom2 
(o^^^^m^^' i. (t) ^±js;-r^o 

[ 0 0 6 1 ] 
[^9] 

XT' {/) = X' (/I + /A/) = ._, (« + A/) + x\. (/i) (9) 
0 ^ « < A/ - 1 



[0 0 6 2] r r-r. i-1 (n +M) ( i - 1 ) # 

i^coi^-^mft^. x^i (n) fii#gco:7u 
— i^C0i£^Sm{t#--C^ »9 . x'i-1 (n+M) i:x'i 
20 (n) fiSV^lCSft-r^EP^ m^) (D\t^X^^o 

[0 0 6 3 ] :^'f y-:^SSX\±. j>.^<D'^i)^\^ 

l^/^^t^^^^;^7"^yr^s 9i:M^'r>'^y7^>'bbTxf" 
^7"S2t::M^. — ix— A-^c;:)jg;^-MS^coS 

b. ^ 2 6 6 t-m 2 ^Difet^C^^ft^ x ' i 

(t) IcPN^^tJg (t) ^^T^r i:tcj:oT. 

M'^^m^s' (t) ;5^^#^tL^o i^T-c^l. rcoi^ 
30 ^rn^s' (t) ^ r^^5@/^»-b^^m-§-j tp^^o 

[ 0 0 6 4 ] ;^|^S£^'jT^fi. 1 :7 V — A^o^^3g;b^b 
^^{f#s' (t) t:. 1 tf> h^o5t;5)-b'S^;6^Sis^)i2i* 
fhX^Ki. ^f-. 1 :7 V— ^^tllS^lCMfioft^ffi-C 

rli. ?j^^7^^5^1 0-C-^X-^^^o 
[0 0 6 5 ] 
[^10] 

J?,=^ (10) 
A/ 

40 [0 0 6 6 ] f s i^^^ft-^ s (t)<7:)i^>' 

[0 0 6 7 ] /.eib\ jg;6-b'[S^;6^N hf> hT^i^Jt^^r 

[0 0 6 8 ] p br#f:)^L7^cm^^;0^b^^ft^ s 

(t) t±.m-^'^?r'i^T=jB4tJ'ro-- ;6^r-t mx.\^. 

ilft[H]^^-irbT^T-jl;o^b^Fft^ s (t) ^'^3^ 



15 

^<^t^. m^5@7^-b^^ft-^ s ' (t) 

b^^ft-^ s ' (t) ^^^mUT. }g;5^L. 

[ 0 0 6 9 ] /^ib\ _bMbf^J:5l-. ^;^)-b'ff^fi. M 
D C T « #: t:: S iA ^ ^ 7^- m i£ it m ^ ^ 'C\ 
^ . MS ^ ^ S r § ^ ® ^^^t 3^ tfc T < X. 

[ 0 0 7 0 ] C. Unn<^^m^m : H 7 li. 

j§;^)-bttai^4 4 (Hi) omt^=^^-r:/c2 vy ^gjT;'^ 

mi^^74t. y}y—J>,il^m^7 6 t. MDCTa578 
^^-K|;(5 8 0 t. (Omm^^l^XV^^o PN^^^IJ 
^^^7 2 ft. [gl 2lC^bfei P"N^^iJ^:^^ 5 2, 6 8 

^c^PN^^^IJg (t) ^^tr^o *»#i7 4. 

:7 W — ^rt(±}t[5 7 6 . :Jb^J:U^. MDCT^78^. 02 
t::^r^»:^5 4. :7 5 6 . :fo^J:U^. MD 

CT^5 8 t-e;h.-e"tLPD«iiJc:tat^^*brv^^o 

[ 0 0 7 1 ] 11 8 ft. 7Sf)^i^-\^n(omt^^mcomm^yT^ 

f :7 a— ^-Y — fT^'fe^o ;^-7" ^/ 1 i "Cft. 
7 4;5n — cT^PN^^^lJg (t) ^m^^xm 

^^m-V^^m^^ s' (t) ^x-^^ h/i-tt:t5:r^r i: 
lcj:or. ttt5:^^ft-§-x' (t) ^:iAi^-r^o 

[ 0 0 7 2 ] 

[^1 1 1 

^(0- ^(0=^(0' ^'(0 (11) 

[ 0 0 7 3 ] rrtf'ft. PN^^lJg (t) t^. g 
2 (t) =li:=^^^tt^ (114 (d) ^*bTV^ 

[0074] i^^^'^yy'S 1 2T-ft. :7 U — jiN^fiffi^ 7 6 

^m^^ft^x' (t) <D^f)-hi^^ mmimt 

1=1) ^0:7 v-— jiN^JfittJ b. MDCT^7 8;?)^-?:c?:)y^ 

u-j^\c-^\^x^jfmm^'^-<>'^^^mnT^o 

iy :7°S 1 3 -Cft. ^:=2— K^8 0;&N 1 :7 u — c7:> M 

DcrmMx'i (k) (^1^;ef^^. S^^>ix^P#^cfflv^7ti5) 

^sife^kf x^^^n^mmmf^i^x' i (kf ) ^^^^±i 

b. ?jk<7:>m^i 2l^t^&or. 

X'i (kf ) ^:^^—jumk6 T-l:-f-{t: b7t:i:^-fbM 

e ' i ^ ^ o 

[ 0 0 7 5 ] 

[^^1 2]- 

e"; <- . )/kj ) (12) 



(9) 11-212463 

16 

[ 0 0 7 6 ] '/^^^RoundOft. KltSAt-J: 

[ 0 0 7 7 ] >'^^ft^i£-^^/^ 
<7:5"C\ -^5^1 2 cO:&i22c:C';0>o ^LF^OM Tx'i ( k f ) /k 
dj ftii-^ft^^lC?^^*?. ^^^)^^$;,tT 5^.^J±^v^. 

pt::. f«rt^^oi^gl^-t> ;5^:ib7c±^'^t::ft. ;^ 

-^r-zV-^kd Xmni^f^i^ CX^i (kf) /kdj iJ^^lEL^ 

JO o(ox^{c^ :L(Dm rx'i (kf) /kdj ^El^SA-f 
^rtt^<]:or. m^iS;^)-b^^ft-^ s ^ (t) 

d ^>^#?^cefi:tc^^rtT.ft\ i^^aS;^^b^:^{t-§- s ' 

(t) ^J^^m^^^fXi,. 5S;^)-bjt^?: 

iEb<}fityr^:i^^^t't m-t^'f^^-r^ J: 5 

tc. ;^'^-yv^kd ;?)^;^^ < ^c^^^^^'^«^Mb^^^ti:^r 
imcT^}^. b-^^ft-§- s ' (t) (Dmm\cX 

[00 78] [l8(^;^'riy:7°S14 -Cft. 8 

. 0;^)^ fl:^{t:Me'icof[fitc;;t;brS;6^bt^> b boi^lS 
Ttf^o 'r^'.^i:^^. fi:-^'f[:ffie'i;5^ffi^c^:^^t^ftag;6- 
bt-> f hoit-ox^^ t^^i^. ^^m^om^^atmf)^ 
bb-> b boi;5^ 1 T'^^ ;^7^i/:7^Si5-C 
ft. — i>.;6-^0^7!)^U9^^^fttb;e)>^T b7t;!)^l? 

^fif ^^;6^*iJ»r$;h.. bX V^/^^t;h.ft\ :^x^/ysi6tc 

iov^r^^^T^ — ^ i^-Y^^r^yT^vhbrxf^i/T^si 

T■«;*^;^L^iEbV^JS/^)-b'ff^;^t^ 1 ^ ;h.:^c t ^ 

ms(Dmm^\K^{cmr'r^^^^cvxhx\^\ 
[ 0 0 7 9 ] ^^f)^i.comm^m{cm^^h^^PN 

-^icft. m^3S;6>bifitti^4 4o^s^7 4^-^m;^^ 

^^{t-^ft. tii6iZ^^MSi^4 2tCfc"V^rjg^^b'ffi$R;6^ 
«^'!)^^^fctetfe^^ft^x^ (t) ^ft^^^^m-§-<>: 
^^^o t^or. :i(D^^tCft. IEbv^jS;a-blf^^^7t; 

t-M^hh^x\^^^ :^mmmx\t. mf)-wmno:> 

je)^£'m<7:^-^^^t^^t-SiZ=.^^ifebri/^o^o-C\ b 
A-^&m^^v^/^v^ti^tcft, '®Z^^^it;i)^b'fi$R^^St±l 
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[ 0 0 8 0 ] D. SiA^jf]^^^(7:)SjEl-(t: : J£(TT:^fi. 
[0082] Xi (k) ^tm.^]2:.^mcOi^M 

m. x'i (k) nmi^^^^coi^Mm-v^^^o Ait^mm 

f U^o:>m&W:m'^'^M^itmm6 i (k) fii^n-r^fe 

[ 0 0 8 3 ] 
[^14] 



(14) 



[0 0 8 4 1 {lb. 6 i ( k f ) JS]^S 

^iikf (Dimci^^^T. 't<^mMm i s i (kf ) i 

[ 0 0 8 5 ] U--Ms<0^^m-^x i (n ) 

siA^^^^^D i (n) ±um^s {m^m<o^) 

[ 0 0 8 6 ] 
[^15] 

Di(n) = w{n)c{kf,ri)S i(k^} (15) 
0<n<2M-l 

[0 0 8 7 ] L/h;6^oT. 
'^{C^x.^mm i't^J^t^^m^f&i^) D (n) ^CO 30 

[0 0 8 8 ] 
[^16] 

= A/) + Z),.{rt) (16) 

[ 0 0 8 9 ] ^fc. 7=^>^^/V^^{t#{lStC:^C^^^ 
^(DW^l 7tC.^t-J:5t^. D (n) ^S^{l:b7c 

[ 0 0 9 0 ] 40 

D(n)^Rouf7d{D{fi)) (17) 
0<.n<,M ~\ 

[ 0 0 9 1 ] t~Z.^X. MDCT^^r^Oif^^^JSJ^^MSt 
5>Xi (kf) tCjf;i)-b'ft^cOtiiZ^^^tT5 r t 119 

t^.T^fi: 5 m^m<om^^w^b i (kf ) ^^^.^ 
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M^itm^^i (k) '^^(om^i zxT^m-r^. 

[ 0 0 8 1 ] 
[^13] 

(13) 

[ 0 0 9 2] t^^x\ -mc.. ^m^o'^m^'omfmR 

SNR;e)^fe^o SNR [dB] t?:)|?{ffi^fi. Ati^^it 
-^So (m) ftcom^itmmK T (m) ^^V^r^cO 

[ 0 0 9 3 ] 

[#:i8] 



SNR=lO\ogiQ 



(18) 



lO 0 9 4 ] :^mmmX}'t. SNR^SC^U-C^^l^tt 
t t:0^^^lS^f^Jbbf^ S N Rseg (± ;^ >- ^ /l^ S N 
R) ^.^V^^. SNRseg \t^^<7:>m:^l 9X^x.^tl 

[ 0 0 9 5 ] 
[^1 9] 

1 



(19) 



[ 0 0 9 6 ]rr:-c\ Nf iiilij:^E:r^t7>:7ix — A#:^^ 

SNRf fl. f #gO:7 V — AtC^D^t^ SNRT'fe 

NRf =cocol^^:7 — A?rf^^ bTS'J^bTto 
[ 0 0 9 7 ] gllOfi. ^^tC^^v^^/V^^ft-^^^V^ 

<y:>mw^^^^rz,^^^7T:'t^^yyx^^. :i^xn. i 

1 y^U — A^O-^m^^^^^^) ^ 2 5 6 ^ bfc. ^7t. 

;^^^yi/^kd tPN^^tj^^^ks (^2) m^Tn 

•hit bf^. mo (D^^f)>tb>. kf = 1 2 7 ^7t?l 1 

2 8 CO i: # (O^mm^t'^i^^^-^ t bt^X^^-^K^j/f^^-- 
::itt'^t>f)^^o ^(om^\'t. ±is#:x^i 5, i 7tc;^b 

(n) --t^f^^/b^ MDCTSJSc (k, n) ty^'v^^ 

comWcMt'^ 2 5 ecot ^\at. jS]^K*#kf (om^ i 2 

—men. m^mmkf coi^^^ lyu—j^^i^c^ 

^ r >: t^iLf^ bi \ 

[0 0 9 8 ] f^iS^ iyV'—M^[C-^^<Tyi^f)-V}±'-yV 

^^^^yihts:Lt h'^t^xt^^. m±.\t. kf -1 2 7^^ 
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( 0 0 9 91 E. mmm^ : ^^^^^^u^at:^^^^^"^ 

l^^m^m 4 4. 1 k H z . ll^-ft:*! 1 6 t> b t"!:^ 

{t:bfcj^^^ft-§-s (t) ^m^^f^. fc/cb. ^^y:7 

[0100] r ^om^-Tfi, M= 2 5 6 \cm'^\^f-<^ 
T% ^^U'it^t^Si^iZi^JrB r ft. ilB^^Cl 0;^)^?:> 
^li^l 7 2 tf> ro^iZ^^SrJfebfcS^^ 

[ 0 1 0 1 ] Hi 1 yu-^kd ^@^b. jS]^ 

:^^cosNRseg 5r^-r;^^:7-c^^o :irr^fi. kd 

= 2, ks-1 (ks ft PN^^IJ^^^) bfCo H 1 
1 tCioV^r JWI^^^kfO-fl^b^ 1 2 Sftificoi: 1 

#^^^^;6^^#f?^Tv^^« mi 2ft. PN^^u^^iik 
s o{6^ 2 tr^^ii t-i;or. i] i i 

v^^r^ P N^^iJ=^^^^-tir. /I- 
^kd ?r[ll 1 i:[^bfitC^^bfc:^-^(^.^^^T^^o 

H 1 2tc:^ov^r HI 1 o^m i 1 1 m^^m 

kf coffl;^)^l 2 8 Wifi^^ ^tC^iS^^;6^#^;arv^ 

[0 10 2] m 3 ft. ^ y ^> y ^ ^mcmt-'wmn^ 
m.^'^kjti^^m^\c^L.x. p N^^ij^i^k 

yvl^kd ^2. JSJK^^kf ^12 8. PN^^lJ 
^±mks ^ 1 2 8 i: bf^o H 1 3 lEbV^ 
PN^^ij^:i^ks (==128) X±fi^l.fcPN7^.^\\X 

-g-T'^^dN PN^^^ij^^i^ks t^<m<D^fj:'^rzmcot 

t icftt^tb^/ii^o. 5 i:/.e6o l^m^j^^o. 5coi:^ 
ft. 0 i: 1 h;6^^>'^^^lcai^r^<^T'jg;^)^bit 

:^7^^bS*TtcJ;Hft\ Si!!)^^tc^v^7t P NPf^^iJg 
v^T^tt^t-tt. tg7^3-b'ff^;6^:^lEt::^.^^^^r b^ y l 
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fhn^^ri^o b7t;;)^or. pn^^Us (t) ti^x 
ft. :tir^1c^i^v^5^^lJ^^^Btc:^^^<:'r^/^v^^ 5=^^^^^^ 
^V^^r i:;6^M^bv^, ro:E*^-^ft. C mfSco;^.*^^ 

f ^ft^?^b< ^ce< . — S^tcA^^^Sil^cePN^^iJ 

[0103] li 1 4 ft. J^^mm\^f ^128 CO— 

d ^ 1 -3SS(7)t^:g^6^/J^^?t^^fitc-r^r i:/5^^?^b 

=^^^:??:fV^ J: 5tc ('rj^.^^c>^^®^ifi^t^^Ml^^-fr^=cv^ 
T^i/t^yvr^ t'— b7t:K-^tCft. /Viikd 
^^/J^^^.^'{l-Cfeor-^iEbV^5g;6-b'ffii^^^t9airr^ 
ft^fg-c^^. ^S^^^b: (ii^M) bfc^^ft 

#kd ?::^^^cCffilc^^-riLft*Sv^o 

[ 0 1 0 4 ] 0 1 5ft. jSf)^L^-BncDm^^^<o^^v-'n^ 

'j^m^t^^-mmmx^^^ -n^bmnm. i^^x\c 
iott^fr y cot^^^tc+i^f ^tp^^-c^^o mis 

(c) [CT^i-^i^m^^f)^^. mi 5 (a) ^ (b) <7:>^ 

[0105] 0 t-. ±tsiliSF'Jt-J:;h.ft\ ^^y 

y ^(Z)^e=^^i=^c^^^-r^c^^v>^gtt^^^o3g;^)-b'^t^^ 

a^5>t-5S^^blf^^Si^)iAAyX-V^^COT% m^^iB"^ 

s ( t) <7>1^>'y"y y^iij^^/^j^i:^^^^; ^^^c^ffiX'^ox 
^. }g;^^b'[SS^Sd6iAA.'fc:*9 . Jftmbfct?r6:i^;b^ 
■STt^Xfe^o ^-l-rtLft*. i:tsmS^'J^^m^}g;^)-bS^^^T 

ft. ^^^(D^^y'-^Kh. i&'^M<^^^^-^\^h 

mm-r^^ ti)'--^mx^^^ 
[0106] ^(D^m^-tucomMm'^mMmm 

tcpit>-a^ ii'?:>Xft?^e< . -ecogg^ifei^b/^v^^Ht- 

[0107] (1 ) ±ts^^fe^|j^c:Jov^T. K'^^r 
tcj:oT^m^tL"Cv^fc^i/5jcco-f(5^y y b i7^rtcg 
J: 9lcbXi> J: < . ^tc. yyhy^rtcJ:o 
x|l^a^^^xv^fc^;ife<o— K^^ rtcig^^x. 
^ J: 5t-bX ti J;v^o 0^'Jx.ft\ [U 2lC;^b7tm^iS/^)^b 

4 ^rjmr^i:^'-- h'-^^T\s}mxmM-r^ zt 

50 [0108] ( 2 ) JitailifefJijXft. P N?n:9lJ g ( t ) 
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L^X^^-^r^t'^. PN^>?iJg (t) co^^Mi: bTJi 1 a^n- 
fi, Il2 0m2cr>^gt5 6 6cOtij;^x' (t) -g 

(t) ^mm:mp<^2mxmn'r^^t\cx^x. 
m^^-L^^^it-^- s' (t) ^ij*f6o 
[0 10 9] (3) :^-<^ hji-^m'^t^nt \^x}t. p 

m^\at. m^^m-^t-^<D^^mt}^^^<^x\ 

— W^^OEX o RSi^lc 2fifi^^ijf?:) 1 i-'-^/V/^^ 

xt^::^^ri^<^x. m^wiB'^K- i^mn\^t^m^t 

m ^n.r^^m^^ it ^-Kmi^x. m-(0 2m^^^\^m^^^ 
xn^KxoR\mmx^m^nx.}t. m^^if^^n^ 

imi] :^^m(omimm^4tL^xcom.^jSf)^i^mmm 

[113] ^;e)-b'[S^coSi6aA^^^0.^t^^j!i^:^t-:7n — 
^^—hX^^a 

[[15] :x^mt^^>^^>fL^ 
^.r^mw (n) i:(7:)^m5r.T^-rePJilo 
[me] 5/:/s 3 — 3 5<?:)^sQ:Sf^^^^r^PJ(lo 

[117] m.^mf)-i.^tii'm4 4commi^'r':f^ y^ 
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[iEi9] mf)^vmmc^mT^m^(oBW^^-rm.m 
mo 

[Hi 0] m^wmvif comtm^M^^itm^^sN 

Rseg t^^mi^^^Tjki-^^yy, 

[Hi 1] i^^^^kf t7:)fLS^ff -^M]^^{b^^M:S N 

Rseg tcomi^^^TT^T^y yo 

[111 2] m^mm\^f <^mtm^-Mm^itm'^^sN 

[Hi 3] mbbi2s^mtm^£^PN^.^m^mks 
10 \^x^^i)-\^mm.<^i^v^^^mz.m%<D^^m^^7f^^^^y 
y. 

[Hi 4] ;^^-yv^kd ^m\:.^'±fz.mi%o:>^'S,<^^ 
mcTT^-Tt^fyyo 

[Hi 5] m^^i^'\nn<om^j2s^(o^^\^n±^p&Mt. 
-r^yy. 

2 2 "-C P U 

20 2 6 "-yU'—J>.?<^]) 

3 0 --■:5r-':^H— K 
3 2 ••■-?'^7;;n 

3 4 --mTr^mw: 

3 6 "-y^— K^->r :^ ^ 

3 8 ■■-^7='^ 

4 0 

4 2"-m^5iS;e>-bSit)i2^^^^ 

4 4 •••m^3S>e>^bffltii^ 

5 2-PN3^^IJ^^^ 
30 5 4 ••■^^^ 

5 6 ■■•:7u-i^Jitti^ 

5 8 •••MD C 

6 0 •••Si^iA^^ 

6 2"- I MDCT^ 
6 4 •••:7 W- — i^l?^^ 

6 6 --mn^ 

6 8"-PN?^?IJ^:i^ 

7 2-"PN^^IJ^^^ 
7 4--'^^fl 

40 7 6 -■'yu—j>.^m^ 

7 8 -"MD C Ttf5 

8 0 -"^=3— 
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(54) ELECTRONIC WATERMARK TO ONE-DIMENSIONAL DATA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the 
occurrence of noise due to burying of watermark 
information and to improve the secrecy of watermark 
information. 

SOLUTION: At the time of burying watermark 
information in original one- dimensional data, a PN 
series g(t) is used to generate a first spread one- 
dimensional data x(t) by spectrum spread. Next, this 
first spread one-dimensional data x(t) is subjected to 
modified discrete cosine transformation. The value of 
a specific frequency component of the MDCT 
coefficient is so adjusted that it corresponds to 
watermark information. This adjusted frequency 
component is inversely converted to generate 
second spread one-dimensional data x'(t), and finally, 
the same PN series as spreading is used to generate 
electronic watermark one-dimensional data, where 
watermark information is buried, by spectrum inverse 
spreading. 
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